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(54) CONTINUOUS‑LINE MANUFACTURING SYSTEM AND METHOD FOR AUTOMATED MACHINE
ALLOCATION

(57) A process (400) for distributing automated ma-
chines (240) between a plurality of tools (225, 235, 265,
295) located inaplurality of respective stations (220, 230,
260) on a production line (210) for the continuous flow
manufacturing of large workpieces (217), such as spars,
fuselage sections, wing structures, and other aircraft
structures, and/or composite parts by identifying and
accurately locating non-fixed-base tooling throughout
the continuous manufacturing process is provided. The
process (400) comprises: defining (410) automated ma-
chines (240) dedicated to a specific station (220, 230,
260), based on a minimum number of automated ma-
chines (240) or workload requirements (254); defining
(420) automated machines (240a) among a plurality of
automated machines (240) configured to travel between
stations (220, 230, 260) while workpieces (217) are
moving from one station (220, 230) to another (220,
230) in a single sequential flow along the production line
(210) to complete the workload requirements (254)
based on a maximum difference in workload require-
ments (254) between two or more adjacent stations

(220, 230, 260); assigning each of the said automated
machines (240a) to a particular zone location (280) on a
workpiece (217);measuring (430) statistics (432) of each
station (220, 230, 260) and tool (225, 235, 265), including
measuring total required time (434), time completed
(436), time remaining (438), and zone location (280);
communicating (440) the statistics (432) to a controller
(250); measuring (450) variables (455) from a numerical
control program (258) in each automatedmachine (240);
compiling data (460) measured of a total machine capa-
city (252) and total workload requirements (254) across
each station (220, 230, 260); and reallocating (470) and
moving one or more automated machines (240a) of the
plurality of automated machines (240) to a new zone
location (280) on the same workpiece (217) or on a
different workpiece (217) located in a different station
(220, 230) that has unmet workload requirements (254)
once an efficiency threshold (256) is met, to balance out
the workload requirements (254) of the plurality of auto-
mated machines (240).
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Description

FIELD

[0001] The present disclosure generally relates to
manufacturing and, more particularly, to continuous flow
manufacturing systems and associated methods and
processes for controlling automated machine sharing
along a continuous flow production line.

BACKGROUND

[0002] Conventional manufacturing techniques for
large parts, such as spars, fuselage sections, wing struc-
tures, and other aircraft structures, utilize large fixed-
base machines and model-specific, fixed-base tooling.
Conventional manufacturing techniques for composite
parts utilize fixed-base tooling and batch processing, in
which the composite part does not move from one loca-
tion to another location until full lamination of the part is
complete and further in which machines are stationary.
Neither of these manufacturing techniques lend them-
selves to continuous flow manufacturing or efficient allo-
cations of machines.
[0003] Accordingly, those skilled in the art continue
with research and development efforts in the field of
continuous flow manufacturing, particularly in the man-
ufacture of large parts and/or composite parts, and, as
such, systems, processes, and methods intended to
address the above-identified concerns would find utility.

SUMMARY

[0004] Disclosed is a method for employing a plurality
of automated machines on a production line.
[0005] In one example, the disclosed method for em-
ploying a plurality of automated machines to deposit
composite material includes a first tool located in a first
station and a second tool located in a second station. The
first station and the second station are located on a
production line. The first station includes at least one
automated machine of the plurality of automated ma-
chines and the second station includes at least two
automated machines of the plurality of automated ma-
chines. At least one of the automated machines is mo-
vable from the second station to the first station. The
method includesmonitoringmachine capacity and work-
load requirements of the plurality of automated ma-
chines. The method further includes determining an effi-
ciency threshold based upon the machine capacity and
workload requirements. The method further includes
reallocating at least one of the automatedmachines from
the second station to the first station once the efficiency
threshold is met.
[0006] Also disclosed is a manufacturing system for
depositing composite material onto two or more tools
using two or more automated machines.
[0007] In one example, the manufacturing system in-

cludes a production line, a first station located on the
production line, a first tool located in the first station, a
second station located on the production line, a second
tool located in the second station, a plurality of automated
machines distributed between the first station and the
second station, at least one of the plurality of automated
machines being movable between the first station and
the second station, and a controller configured tomonitor
machine capacity andworkload requirements of the plur-
ality of machines. The controller may be configured to
reallocate one or more of the plurality of automated
machines between the first station and the second sta-
tion.
[0008] Also disclosed is a process for distributing auto-
mated machines between a plurality of tools.
[0009] In one example, the process includes defining
automated machines dedicated to a specific station,
based on the minimum number of automated machines
or minimumworkload requirements. The process further
includes defining automated machines configured to
travel betweenstations tocomplete theworkload require-
ments based on the maximum difference in workload
requirements between two or more adjacent stations.
In an example, the process further includes measuring
statistics of each station and tool, communicating the
statistics to a controller, measuring variables from a
numerical control program in each automated machine,
compiling data measured of total machine capacity and
total workload requirements, and reallocating automated
machines to areas that have unmet workload require-
ments.
[0010] Also disclosed is a system for fabrication using
multiple stations.
[0011] According to an aspect of the present disclo-
sure, a method for employing a plurality of automated
machines to deposit composite material onto a first tool
located in a first station and a second tool located in a
second station, the first station and the second station
being on a production line, wherein at least one auto-
matedmachine of the plurality of automatedmachines is
movable between the second station and the first station,
the method comprises:

monitoring machine capacity and workload require-
ments of the plurality of automated machines;
determining an efficiency threshold based upon the
machine capacity and workload requirements; and
reallocating at least one automated machine of the
plurality of automated machines once the efficiency
threshold is met.

[0012] Advantageously, themethod is onewherein the
first station comprises at least one automatedmachine of
the plurality of automated machines and the second
station comprises at least two automated machines of
the plurality of automated machines, comprises:
reallocating at least one of the automatedmachines from
the second station to the first station once the efficiency
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threshold is met.
[0013] Preferably, the method is one wherein the first
tool and the second tool move in pulses along the pro-
duction line.
[0014] Preferably, themethodcomprisesa third station
having a third tool.
[0015] Preferably, the method is one wherein the plur-
ality of machines deposit composite material while the
first tool and the second tool move along the production
line.
[0016] Preferably, the method comprises implement-
ing a numerical control program configured to monitor
and allocate the plurality of automated machines across
the first station and the second station.
[0017] According to an aspect of the present disclo-
sure, a manufacturing system comprises:

a production line;
a first station located on the production line;
a first to located in the first station;
a second station located on the production line;
a second tool located in the second station;
a plurality of automated machines distributed be-
tween the first station and the second station, at least
one of the plurality of automated machines being
movable between the first station and the second
station; and
a controller configured to monitor machine capacity
and workload requirements of the plurality of ma-
chines, wherein the controller is configured to real-
locate one or more of the plurality of automated
machines between the first station and the second
station.

[0018] Advantageously, the manufacturing system is
one wherein the plurality of automated machines are
automated fiber placement machines.
[0019] Preferably, the manufacturing system is one
wherein the controller reallocates one or more of the
plurality of machines based upon monitored capacity
and workload requirements.
[0020] Preferably, the manufacturing system is one
wherein the production line comprises a rail.
[0021] Preferably, the manufacturing system com-
prises a third tool in a third station located on the produc-
tion line.
[0022] Preferably, the manufacturing system is one
wherein the controller reallocates the automated ma-
chines based upon a numerical control program.
[0023] Preferably, the manufacturing system is one
wherein the first tool and the second tool move in pulses
along the production line.
[0024] According to an aspect of the present disclo-
sure, a system for fabrication using multiple stations, the
system comprises:

a production line comprising a first station compris-
ing a first tool and a second station comprising a

second tool;
a plurality of automated machines distributed be-
tween the first station and the second station; and
a controller configured to determine a location of the
plurality of automated machines based upon com-
piled statistics for the first station and the second
station, and further configured to compare variables
of the plurality of automated machine.

[0025] Advantageously, the system is one wherein the
compiled statistics comprise total required time, time
completed, time remaining, and zone location.
[0026] Preferably, the system is one wherein the vari-
ables comprise:

numberofautomatedmachines that arededicated to
a specific station;
number of automated machines that move between
stations;
zone location of each automated machine;
number of automated machines that are active and
inactive; and
percent of workload requirements completed.

[0027] Preferably, the system is one wherein the auto-
mated machines are automated fiber placement ma-
chines.
[0028] According to an aspect of the present disclo-
sure, a process for distributing automated machines
between a plurality of tools, the process comprises:

definingautomatedmachinesdedicated to a specific
station, based on a minimum number of automated
machines or workload requirements;
defining automated machines among a plurality of
automated machines configured to travel between
stations to complete the workload requirements
based on amaximumdifference inworkload require-
ments between two or more adjacent stations;
measuring statistics of each station and tool;
communicating the statistics to a controller;
measuring variables from a numerical control pro-
gram in each automated machine;
compiling datameasured of a totalmachine capacity
and total workload requirements across each sta-
tion; and
reallocating automated machines to areas that have
unmet workload requirements.

[0029] Advantageously, the system is one wherein the
automated machines are automated fiber placement
machines.
[0030] Preferably, the process is onewherein themea-
suring the statistics comprise measuring total required
time, time completed, time remaining, and zone location.
[0031] Preferably, the process is onewherein themea-
suring the variables comprises measuring:
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numberofautomatedmachines that arededicated to
a specific station;
number of automated machines that move between
stations;
zone location of each automated machine;
number of automated machines that are active and
inactive; and
percent of workload requirements completed.

[0032] According to an aspect of the present disclo-
sure, a method for automated machine allocation com-
prises:

monitoring machine capacity and workload require-
ments of a plurality of automated machines located
throughout at least one of a plurality of stations and
one or more zone locations;
determining an efficiency threshold based upon the
machine capacity and workload requirements of
each automated machine of the plurality of auto-
mated machines; and
reallocating at least one automated machine of the
plurality of automated machines once the efficiency
threshold is met.

[0033] In one example, the disclosed system includes
a production line comprising a first station comprising a
first tool and a second station comprising a second tool, a
plurality of automated machines distributed between the
first station and the second station, and a controller
configured to determine a location of the plurality of
automated machines based upon compiled statistics
for the first station and the second station, and further
configured to compare variables of the plurality of auto-
mated machine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Some examples of the present disclosure are
described with reference to the accompanying drawings.
The same reference number represents the same ele-
ment or the same type of element on all drawings.

FIG. 1 is a perspective view of an example of a first
station and a second station of a manufacturing
system.

FIG. 2 is a perspective view of an example of a first
station and a second station of a manufacturing
system.

FIG. 3 is a perspective view of an example of a first
station and a second station of a manufacturing
system.

FIG. 4 is a schematic diagram of a manufacturing
system in an illustrative example.

FIG. 5 is a flowchart illustrating amethod for employ-
ing a plurality of machines to deposit composite
material.

FIG. 6 is a block diagram of a manufacturing system
that can be used with the method of FIG. 5.

FIG. 7 is a block diagram of a system that can be
used with the method of FIG. 5.

FIG. 8 is a flowchart illustrating a process for dis-
tributing automated machines between a plurality of
tools.

FIG. 9 is a flow diagram of an aircraft manufacturing
and service methodology.

FIG. 10 is a block diagram of an aircraft.

FIG. 11 is a flow diagram illustrating a method for
distributing automatedmachines between a plurality
of tools.

DETAILED DESCRIPTION

[0035] The following detailed description refers to the
accompanying drawings, which illustrate specific exam-
ples described by the present disclosure. Other exam-
ples having different structures and operations do not
depart from the scope of the present disclosure. Like
reference numerals may refer to the same feature, ele-
ment, or component in the different drawings.
[0036] Illustrative, non-exhaustive examples, which
may be, but are not necessarily, claimed, of the subject
matter according the present disclosure are provided
below. Reference herein to "example" means that one
or more feature, structure, element, component, char-
acteristic, and/or operational step described in connec-
tion with the example is included in at least one aspect,
embodiment, and/or implementation of the subject mat-
ter according to the present disclosure. Thus, the
phrases "an example," "another example," "one or more
examples," and similar language throughout the present
disclosure may, but do not necessarily, refer to the same
example. Further, the subject matter characterizing any
one example may, but does not necessarily, include the
subject matter characterizing any other example. More-
over, the subject matter characterizing any one example
may be, but is not necessarily, combined with the subject
matter characterizing any other example.
[0037] As used herein, a system, apparatus, device,
structure, article, element, component, or hardware "con-
figured to" perform a specified function is indeed capable
of performing the specified function without any altera-
tion, rather than merely having potential to perform the
specified function after further modification. In other
words, the system, apparatus, device, structure, article,
element, component, or hardware "configured to" per-
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forma specified function is specifically selected, created,
implemented, utilized, programmed, and/or designed for
the purpose of performing the specified function. As used
herein, "configured to" denotes existing characteristics of
a system, apparatus, structure, article, element, compo-
nent, or hardware that enable the system, apparatus,
structure, article, element, component, or hardware to
perform the specified function without further modifica-
tion. For purposes of this disclosure, a system, appara-
tus, device, structure, article, element, component, or
hardware described as being "configured to" perform a
particular function may additionally or alternatively be
described as being "adapted to" and/or as being "opera-
tive to" perform that function.
[0038] For the purpose of this disclosure, the terms
"coupled," "coupling," and similar terms refer to two or
more elements that are joined, linked, fastened, at-
tached, connected, put in communication, or otherwise
associated (e.g., mechanically, electrically, fluidly, opti-
cally, electromagnetically) with one another. In various
examples, the elements may be associated directly or
indirectly. As an example, element A may be directly
associatedwith element B. As another example, element
A may be indirectly associated with element B, for ex-
ample, via another element C. It will be understood that
not all associations among the various disclosed ele-
ments are necessarily represented. Accordingly, cou-
plings other than those depicted in the figures may also
exist.
[0039] As used herein, the terms "about," "approxi-
mately," and "generally" refer to or represent a condition
that is close to, but not exactly, the stated condition that
still performs the desired function or achieves the desired
result. As an example, the terms "about," "approxi-
mately," and "generally" refer to a condition that is within
an acceptable predetermined tolerance or accuracy. For
example, the terms "about," "approximately," and "gen-
erally" refer to a condition that is within 10% of the stated
condition. However, the terms "about," "approximately,"
and "generally" do not exclude a condition that is exactly
the stated condition.
[0040] References throughout the present specifica-
tion to features, advantages, or similar language used
hereindonot imply that all of the featuresandadvantages
that may be realized with the examples disclosed herein
should be, or are in, any single example. Rather, lan-
guage referring to the features and advantages is under-
stood to mean that a specific feature, advantage, or
characteristic described in connection with an example
is included in at least one example. Thus, discussion of
features, advantages, and similar language used
throughout the present disclosure may, but do not ne-
cessarily, refer to the same example.
[0041] Continuous flow manufacturing is a process in
which a product is manufactured, from start to finish, in
one production line. Continuous flow manufacturing is
considered by most leading manufacturing experts to be
the most efficient manufacturing method. Continuous

flow manufacturing is advantageous over conventional
batch production techniques in which a product is fully
manufactured in a single manufacturing cell or a product
is partially manufactured in one independent manufac-
turing cell, then is moved to another independent man-
ufacturing cell for follow-on manufacturing. The benefits
and advantages of continuous flow manufacturing in-
clude, but are not limited to, decreased work in progress
requirements, decreased floor space requirements, re-
duced inventory, improved efficiency, reduced product
rework, and reduced cycle time.
[0042] Continuous flow manufacturing requires the in-
tegration of the various elements of the production sys-
tem and process to achieve continuousmovement of the
workpieces through the system without separating them
into lots or batches. Continuous flowmanufacturing also
needs to quickly and accurately move tools, workpieces,
and machines from one position to another and manage
process-related information along the process flow path
to achieve consistent quality and repeatable processing
times.
[0043] Referring generally to FIGS. 1‑10, by way of
examples, the present disclosure is directed tomanufac-
turing system200, amethod 100 for employing a plurality
of automatedmachines240, a system300 for distributing
a plurality of automated machines 240, and a process
400 for distributing automated machines 240 between a
plurality of tools 295. The manufacturing system 200
facilitates continuous production of two or more work-
pieces 217, in which the workpieces 217 move from one
work process or station to another in a single sequential
flow of a production line 160 (i.e., continuous flow man-
ufacturing) and in which the plurality of automated ma-
chines 240 are allocated across each station based upon
several variables as shown and described herein.
[0044] Themanufacturing system200,method 100 for
employing a plurality of automated machines 240, sys-
tem 300 for distributing the plurality of automated ma-
chines 240, and process 400 disclosed herein utilize a
controller 250 to perform processmanagement. Control-
ler 250 records and tracks process-related information,
such as tool information, workpiece information, informa-
tion related to the plurality of automated machines 240,
and other work process information. Recordation occurs
at eachstageof a continuousmanufacturingprocessand
makes such process-related information available
throughout the entire production line 210. One or more
numerical control programs 258 may be utilized to facil-
itate process-related information and movement
throughout the manufacturing system 200 and related
processes, methods, and systems.
[0045] Themanufacturing system200,method 100 for
employing a plurality of automated machines 240, sys-
tem300 for distributingaplurality of automatedmachines
240, and process 400 update the process-related infor-
mation at each stage of the continuous manufacturing
process. This may be done so by tracking movement of
workpieces 217 from stage to stage, i.e., station to sta-
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tion, throughout the continuous manufacturing process
and production line 210, and associating the process-
related information with the corresponding workpiece
135.
[0046] Themanufacturing system200,method 100 for
employing a plurality of automated machines 240, sys-
tem 300 for distributing the plurality of automated ma-
chines 240, and process 400 direct production. This is
accomplished by various means including by determin-
ing and retrieving the required inputs, the required work
processes, and the generated outputs at each stage of
the continuous manufacturing process that correspond
to the workpieces 217. One or more sensors 290may be
utilized to collect such information. Data collected from
the one or more sensors 290 may be analyzed and used
to direct production.
[0047] The manufacturing system 200 advanta-
geously tracks, manages, and controls the flow of infor-
mation, work processes, automated machines 240, and
workpieces 217 within the manufacturing system 200.
The manufacturing system 200 facilitates use of contin-
uous flowmanufacturing for various types of workpieces
217, suchas those thatwere conventionally not suited for
continuous flow manufacturing. The manufacturing sys-
tem 200 further facilitates appropriate allocation of auto-
mated machines 240 to maximize efficiency.
[0048] Themanufacturing system200,method 100 for
employing a plurality of automated machines 240, sys-
tem300 for distributingaplurality of automatedmachines
240, and process 400 disclosed herein facilitate commu-
nicationbetween the variousmanufacturing stagesof the
process by maintaining process-related information
throughout the production line 210 of the continuous
manufacturing process. The manufacturing system
200 and method 100 disclosed herein facilitate contin-
uous flow manufacturing of large parts, such as spars,
fuselage sections, wing structures, and other aircraft
structures, and/or composite parts by identifying and
accurately locating non-fixed-base tooling throughout
the continuous manufacturing process. Themanufactur-
ing system 200 and method 100 disclosed herein further
facilitate continuous flow manufacturing of large parts
and/or composite parts by updating the process-related
informationat eachmanufacturing stageand transferring
the process-related information throughout the continu-
ous manufacturing processes. The manufacturing sys-
tem 200 and method 100 disclosed herein facilitate con-
tinuous flow manufacturing by reallocating automated
machines 240 to balance any uneven load and, if moving
in pulses, maintain even pulse times and tack times. The
workpieces 217maymove in pulses, being the full length
of the workpieces 217, in micro pulses, being less than
the full length of the workpieces 217, or continuously.
[0049] In one or more examples, the disclosure in-
cludes a manufacturing system 200. The disclosure
further includes a method 100 for employing a plurality
of automated machines 240. The disclosure further in-
cludes a system 300 for distributing the plurality of auto-

mated machines 240. The disclosure further includes a
process400.All of theabove-mentioneddisclosuresmay
be used to facilitate manufacturing of composite parts,
i.e. workpieces 217. Composite parts, such as carbon
fiber reinforcement polymer parts, are initially laid-up in
multiple layers that together are referred to as a laminate
or "preform." Individual fibers within each layer of the
laminate are aligned parallel with eachother, but different
layers may exhibit different fiber orientations in order to
increase the strength of the resulting composite part
along different dimensions. The laminate may include
a viscous resin that solidifies in order to harden the
laminate into a composite part (e.g., for use in anaircraft).
In an example, an automated machine 240 of the man-
ufacturing system 200, method 100 for employing a
plurality of automated machines 240, system 300 for
distributing a plurality of automated machines 240, and
process 400 is configured to perform at least one man-
ufacturing operation 245. The manufacturing operation
245 may include laying down a plurality of composite
plies of compositematerial 247 at various orientations as
determined by one or more numerical control programs
258.
[0050] Referring to FIG. 5, a method 100 is disclosed.
Method 100 may be directed to employing a plurality of
automated machines 240 to deposit composite material
247 onto a first tool 225 as illustrated in FIGs. 1‑4 and 6.
The first tool 225may be located in a first station 220. The
method 100 may further be directed to employing a
plurality of automated machines 240 to deposit compo-
site material 247 onto a second tool 235 located in a
second station 230. In an example, the first station 220
and the second station 230 may be located on a produc-
tion line 210. The production line may include a rail 219,
see FIG. 6. The first station 220 includes at least one
automated machine 240a of the plurality of automated
machines 240 and the second station 230 includes at
least two automated machines of the plurality of auto-
mated machines 240.
[0051] In an example, at least one of the automated
machines 240 is movable from the second station 230 to
the first station 220. In an example, at least one auto-
mated machine 240a of the plurality of automated ma-
chines 240 may be movable between different zone
locations 280. In an example, the first station 220 in-
cludes at least two automated machines 240a from the
plurality of automated machines 240 and the second
station 230 includes at least one automated machine
240a from the plurality of automated machines 240. In
an example, at least one of the automatedmachines 240
is movable from the first station 220 to the second station
230. In an example, the first tool 225 and the second tool
235 are approximately the same size, see FIG. 1. In an
example, the first tool 225 and the second tool 235 are
different sizes such that each requires a different number
of automated machines 240a to complete the workload
requirements 254, see FIG. 2.
[0052] The method 100 may further be directed to
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employing a plurality of automated machines 240 to
deposit composite material 247 onto a first tool 225, a
second tool 235, and a third tool 265, FIG. 3. Third tool
265 may be located in a third station 260. Third station
260 may be located along the production line 210 and
adjacent to second station 230. The third station 260may
include at least two automated machines 240a of the
plurality of automated machines 240. At least one of the
automated machines 240a of the plurality of automated
machines 240may bemovable between the third station
260, the second station 230, and the first station 220.
[0053] The method 100 may further be directed to
employing a plurality of automated machines 240 to
deposit composite material 247 onto a first tool 225, a
second tool 235, a third tool 265, and a fourth tool 275,
FIG. 4. Fourth tool 275 may be located in a fourth station
270. Fourth station may be located along the production
line 210 and adjacent to third station 260. The fourth
station270may includeat least twoautomatedmachines
240.At least oneautomatedmachine240aof theplurality
of automated machines 240 may be movable between
the fourth station 270, third station 260, the second sta-
tion 230, and the first station 220. In an example, at least
one of the plurality of automated machines 240 may be
movable betweendifferent zone locations 280 locatedon
the first tool 225, second tool 235, third tool 265, and
fourth tool 275.
[0054] In one or more examples, the method 100 may
include monitoring 110 machine capacity 252 and work-
load requirements 254 of the plurality of automated ma-
chines 240. A controller 250 may utilize one or more
global positioning systems (GPS) 510, sensors 290,
lasers 520, numerical control programs 258, barcode
530, or any other suitable means of collecting machine
capacity 252 and workload requirements 254 data for
determining 120 an efficiency threshold 256 of optimal
allocation of the plurality of automated machines 240.
[0055] In one or more examples, the method 100 may
include determining 120 an efficiency threshold 256
based upon the machine capacity 252 and workload
requirements 254, see FIG. 6 and FIG. 11. The controller
250 may be configured to monitor the machine capacity
252 and workload requirements 254 of the plurality of
automated machines 240. The controller 250 may com-
pile statistics 432 includingmeasuring total required time
434, time completed 436, time remaining 438, and zone
location 280 when monitoring 110 and determining 120
an efficiency threshold 256. In an example, all of the
plurality of automated machines 240 are configured with
a controller 250 that is cloud-based. In an example, the
controller 250 that is cloud-basedutilizes the sameoneor
more numerical control programs 258 to evaluate factors
such as interference among the plurality of automated
machines 240 and implement collision avoidance sys-
tems among the plurality of automated machines 240. In
anexample, thecontroller 250 that is cloud-basedutilizes
the same one ormore numerical control programs 258 to
evaluate layups of composite material 247 for collecting

data related to total weight of the compositematerial 247,
total length of the composite material 247, courses of the
composite material 247, etc. to determine optimal dis-
tribution of the plurality of automatedmachines 240 with-
in a zone location 280 on one or more workpieces 217
and among the plurality of stations 215.
[0056] In an example, the controller 250 is configured
to control movement of the plurality of automated ma-
chines 240. In an example, the controller 250 is config-
ured to reallocate one or more automated machine 240a
of the plurality of automated machines 240 between the
first station 220 and the second station 230. In other
words, the controller 250 reallocates the automated ma-
chines 240a. In an example, the controller 250 is config-
ured to reallocate one or more automated machine 240a
of the plurality of automated machines 240 between any
of the plurality of stations 215. In an example, the con-
troller 250 is configured to reallocate one or more auto-
mated machine 240a of the plurality of automated ma-
chines 240 between any of the zone locations 280
throughout the production line 210. The controller 250
may reallocate one or more automated machine 240a of
the plurality of automated machines 240 based upon
monitored capacity 252 and workload requirements
254 of the plurality of automated machines 240.
[0057] In one or more examples, the method 100 may
include reallocating 130 at least one automatedmachine
240a of the plurality of automatedmachines 240 from the
second station 230 to the first station 220 once the
efficiency threshold 256 is met. In an example, the con-
troller 250 may utilize one or more numerical control
programs 258 or input received from an operator 500
in conjunction with the data collected from one or more
sensors 290, barcode, global positioning systems (GPS)
510, and lasers 520 to determine the efficiency threshold
256. Once the efficiency threshold 256 is satisfied, the
controller 250 may transmit a command 255 to initiate
reallocating 130 one or more automated machines 240
between the first station 220, second station 230, or any
one of the plurality of stations 215, see FIG. 1.
[0058] Referring to FIGS. 1‑4 and 6, in one or more
examples, a manufacturing system 200 includes at least
one production line 210. The production line 210 may
include a plurality of stations 215. Among the plurality of
stations 215 may be a first station 220 and a second
station 230. Each of the plurality of stations 215 may be
configured to house one or more automated machines
240 and one or more workpieces 217. Each of the one or
more workpieces 217 may have one or more zone loca-
tion 280 where one or more automated machine 240a is
temporarily dedicated to a particular zone location 280
until it has completed at least one manufacturing opera-
tion245 in that zone location280.Theproduction line210
may include a rail 219 or any other means of transporta-
tion. The rail 219 may be configured to transport tools,
automated machines 240, or any other items along the
production line 210 and between the plurality of stations
215.
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[0059] In an example, a first tool 225may be located in
the first station 220. The first tool 225 may be a mandrel
227. The mandrel 227 may be configured to hold a first
workpiece 229. First workpiece 229 may be a fuselage
section, wing structure, or any other aircraft structure.
First workpiece 229 may be comprised of a plurality of
plies of compositematerial 247 at various orientations as
determined by one or more numerical control programs
258. First workpiece 229 may include one or more zone
location 280. At least one automated machine 240amay
be temporarily dedicated to each zone location 280 on
first workpiece 229.
[0060] In an example, a second tool 235 may be lo-
cated in the second station230. Thesecond tool 235may
beamandrel 227. Themandrel 227may be configured to
hold a second workpiece 239. Second workpiece 239
may be a fuselage section, wing structure, or any other
aircraft structure. Second workpiece 239 may be com-
prised of a plurality of plies of composite material 247 at
various orientations as determined by one or more nu-
merical control programs 258. Second workpiece 239
may include one or more zone location 280. At least one
automated machine 240a may be temporarily dedicated
to each zone location 280 on second workpiece 239.
[0061] In an example, the manufacturing system 200
includes a plurality of automated machines 240 distrib-
uted between the first station 220, second station 230,
and any of the plurality of stations 215. At least one
automated machine 240a of the plurality of automated
machines 240 may be movable between the plurality of
stations 215. In an example, at least one automated
machine 240a of the plurality of automated machines
240 may be movable between different zone locations
280. In an example, at least one automated machine
240a of the plurality of automated machines 240 is mo-
vable between the first station 220and the secondstation
230. The plurality of automated machines 240 may be
configured to perform at least one manufacturing opera-
tion 245. In one or more examples, at least one of the
plurality if automated machines 240 may be an auto-
mated fiber placement machine configured to deposit
composite material 247. The plurality of automated ma-
chines 240 may be configured to deposit composite
material 247 onto the one or more workpieces 217.
The plurality of automated machines 240 may be tem-
porarily dedicated to specific zone locations 280 located
on the one or more workpieces 217.
[0062] In an example, the manufacturing system 200
includes a controller 250. Controller 250 may be config-
ured to monitor a machine capacity 252 and workload
requirements 254 of the plurality of automatedmachines
240. In an example, the controller 250 is configured to
controlmovement of the plurality of automatedmachines
240. In an example, the controller 250 is configured to
reallocate one or more automated machine 240a of the
plurality of automated machines 240 between the first
station 220 and the second station 230. In an example,
the controller 250 is configured to reallocate one or more

of the plurality of automated machines 240 between any
of the plurality of stations 215. In an example, the con-
troller 250 is configured to reallocate one or more auto-
mated machine 240a of the plurality of automated ma-
chines 240 between any of the zone locations 280
throughout the production line 210. The controller 250
may reallocate one or more automated machine 240a of
the plurality of automated machines 240 based upon
monitored capacity 252 and workload requirements
254 of the plurality of automated machines 240.
[0063] The controller 250 may utilize one or more
global positioning systems (GPS) 510, sensors 290,
lasers 520, numerical control programs 258, barcode
530, or any other suitable means of collecting machine
capacity 252 and workload requirements 254 data and
determining optimal allocation of the plurality of auto-
mated machines 240. The controller 250 may be config-
ured to transmit a command 255 to one or more of the
plurality of automatedmachines 240. The command 255
may include instructions regarding allocation, move-
ment, and workload requirements 254 of the plurality
of automated machines 240. In an example, the com-
mand 255 may be transmitted wirelessly. In an example,
the command 255 may be generated manually via an
operator 500.
[0064] The manufacturing system 200 may include
one or more sensors 290. Controller 250 may be config-
ured to receive and analyze data collected from the one
or more sensors 290. The controller 250 may further
utilize the data received from the one or more sensors
290 in conjunction with one or more numerical control
programs 258 to facilitate movement, monitor machine
capacity 252, and monitor workload requirements 254 of
the plurality of automated machines 240. The controller
250mayutilize thedata collected to determineanoptimal
allocation of the plurality of automated machines 240.
[0065] Theoneormoresensors290maybe locatedon
one or more automated machine 240a of the plurality of
automated machines 240, the first tool 225, the second
tool 235, or anywhere throughout the first station 220 and
second station 230 along the production line 210 of the
manufacturing system200.Theoneormore sensors290
may be in communication with the controller 250. In an
example, theoneormore sensors290maybe inwireless
communication with the controller 250. In an example,
the controller 250 may utilize one or more numerical
control programs 258 or input received from an operator
500 in conjunction with the data collected from the one or
more sensors 290, barcode 530, global positioning sys-
tems (GPS) 510, and lasers 520 to determine the effi-
ciency threshold 256. Once the efficiency threshold 256
is satisfied, the controller 250 may transmit a command
255 to reallocate one or more automated machines 240
between the first station 220, second stations 230, or any
one of the plurality of stations 215.
[0066] FIG. 3 illustratesanexample of amanufacturing
system 200 having three stations. In an example, the
manufacturing system 200 includes a third station 260
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located on the production line 210. The third station 260
maybeconfigured tohousea third tool 265.Third tool 265
may be a mandrel 227. The mandrel 227 may be con-
figured to hold a third workpiece 269, see FIG. 7. Third
workpiece269maybea fuselage section,wing structure,
or any other aircraft structure. Third workpiece 269 may
be comprised of a plurality of plies of composite material
247 at various orientations as determined by one ormore
numerical control programs 258. Third workpiece 269
may include one or more zone location 280. At least one
automatedmachine240maybe temporarily dedicated to
each zone location 280 on third workpiece 269.
[0067] Third station 260 may include at least one of a
plurality of automated machines 240. The at least one
automated machine 240a of the plurality of automated
machines 240 may be an automated fiber placement
machine configured to deposit composite material 247
on the third tool 265. Third station 260may include one or
more sensors 290. The one or more sensors 290may be
located on an automatedmachine 240a, third tool 265, or
anywhere throughout the third station 260. In an exam-
ple, the one or more sensors 290 may be in communica-
tion with a controller 250.
[0068] In an example, controller 250 may be config-
ured to receive and analyze data collected from the one
or more sensors 290 located throughout the third station
260. The controller 250 may utilize the data collected
from the one ormore sensors 290 along or in conjunction
with one or more numerical control program 258 to ana-
lyze monitored capacity 252 and workload requirements
254 of the one or more of the plurality of automated
machines 240 located in the third station 260.
[0069] FIG. 4 illustrates a manufacturing system 200
having four stations. In an example, the manufacturing
system 200 includes a fourth station 270 located on the
production line 210. The fourth station 270 may be con-
figured to house a fourth tool 275. Fourth tool 275may be
a mandrel 227. The mandrel 227 may be configured to
hold a fourth workpiece 279, see FIG. 7. Fourth work-
piece 279 may be a fuselage section, wing structure, or
anyother aircraft structure. Fourthworkpiece279maybe
comprised of a plurality of plies of compositematerial 247
at various orientations as determined by one or more
numerical control programs 258. Fourth workpiece 279
may include one or more zone location 280. At least one
automatedmachine240maybe temporarily dedicated to
each zone location 280 on fourth workpiece 279.
[0070] Fourth station 270may include at least one of a
plurality of automated machines 240. The at least one
automated machine 240a of the plurality of automated
machines 240 may be an automated fiber placement
machine configured to deposit composite material 247
on the fourth tool 275. Fourth station270may includeone
or more sensors 290. The one or more sensors 290 may
be locatedonanautomatedmachine240, fourth tool 275,
or anywhere throughout the fourth station 270. In an
example, the one or more sensors 290 may be in com-
munication with a controller 250.

[0071] In an example, controller 250 may be config-
ured to receive and analyze data collected from the one
or more sensors 290 located throughout the third station
260. The controller 250 may utilize the data collected
from the one ormore sensors 290 along or in conjunction
with one or more numerical control program 258 to ana-
lyze monitored capacity 252 and workload requirements
254 of the one or more automated machine 240a of the
plurality of automatedmachines 240 located in the fourth
station270.Thecontroller 250maycompile statistics432
including measuring total required time 434, time com-
pleted 436, time remaining 438, and zone location 280
when analyzing monitored capacity 252 and workload
requirements 254 to determine an efficiency threshold
256. In an example, the controller 250 is configured to
reallocate one or more automated machine 240a of the
plurality of automated machines 240 between any of the
zone locations 280 throughout the production line 210. In
an example, the controller 250 is configured to reallocate
one or more automated machine 240a of the plurality of
automated machines 240 between any of the plurality of
stations 215 throughout the production line 210.
[0072] FIG. 4 illustrates four stations along production
line 210 and the movement of workpieces 217 along the
production line 210. The upper row 480 illustrates pro-
duction line 210 at one point in time having a first station
220 housing a first tool 225, a second station housing a
second tool 235, a third station 260 housing a third tool
265, and a fourth station 270 housing a fourth tool 275. In
this example, the first station 220 houses two automated
machines 240a, the second station 230 houses six auto-
matedmachines 240a, the third station houses two auto-
mated machines 240a, and the fourth station houses six
automated machines 240a. The number of automated
machines 240a in each station may be based upon
several factors including the size of the workpieces
217, one or more numerical control programs 258, and
data collected by the controller 250.
[0073] The lower row 490 of FIG. 4 illustrates an ex-
ample of reallocation of the automatedmachines 240a at
a different point in time as the workpieces 217 move to a
different station along the production line 210. In an
example, first tool 225 moved from first station 220 to
second station 230, second tool 235moved from second
station 230 to third station 260, third tool 265moved from
third station 260 to fourth station 270, fourth tool 275
moved out of fourth station 270 and a fifth tool 285moved
into first station 220. In this example, first station 220
houses six automated machines 240a, second station
230 houses two automated machines 240a, third station
260 houses six automated machines 240a, and fourth
station 270 houses two automated machines 240a. The
automatedmachines 240awere reallocated between the
stations 215 based upon several factoring including
workload requirements 254 of the new workpieces 217
in each station.
[0074] In an example, as illustrated in FIG. 4, the
automated machines 240 may move between stations
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while the workpieces 217 are moving along the produc-
tion line 210. Each automated machine 240a may be
assigned to a particular zone location 280 on the work-
piece 217. Once an automated machine 240 has com-
pleted the at least one manufacturing operation 245 of a
particular zone location 280, it may move to a new zone
location 280 on the sameworkpiece 217 or on a different
workpiece 217 located in a different station.Movement of
the automated machines 240a may be based upon a
command 255 from a controller 250, manual instructions
from an operator 500, or a combination thereof.
[0075] Controller 250 may utilize data collected from
one or more global positioning systems (GPS) 510, la-
sers 520, numerical control programs 258, barcode 530,
or any other suitable means of collecting machine capa-
city 252 and workload requirements 254 data and deter-
mining optimal allocation of the plurality of automated
machines 240. Based upon the machine capacity 252
and workload requirements 254, an efficiency threshold
256maybedetermined. Inanexample, thecontroller 250
may utilize one ormore numerical control program258 or
input received from an operator 500 in conjunction with
the data collected from the one or more sensors 290,
barcode 530, global positioning systems (GPS) 510, and
lasers 520 to determine the efficiency threshold 256. The
controller 250may further compile statistics 432 (i.e., the
"compiled statistics") including measuring total required
time 434, time completed 436, time remaining 438, and
zone location 280 when analyzing monitored capacity
252 and workload requirements 254 to determine an
efficiency threshold 256.
[0076] Once the efficiency threshold 256 is satisfied,
the controller 250 may transmit a command 255 to re-
allocate oneormoreautomatedmachines240abetween
the first station 220, second stations 230, third station
260, fourth station 270, or any one of the plurality of
stations 215.
[0077] In an example, the first tool 225, second tool
235, third tool 265, fourth tool 275, and any subsequent
tools may be configured to move in pulses along the
production line 210. A pulse is equivalent to movement
of the full length of a workpiece, such as a first workpiece
229 of first tool 225. In an example, the first tool 225,
second tool 235, third tool 265, fourth tool 275, and any
subsequent tools may be configured to move continu-
ously along the production line 210. In an example, the
plurality of automated machines 240 may be configured
to perform the at least one manufacturing operation 245
while the first tool 225, second tool 235, third tool 265,
fourth tool 275, and/or any subsequent tools move in
pulses. In an example, the plurality of automated ma-
chines 240may be configured to perform the at least one
manufacturing operation 245 while the first tool 225,
second tool 235, third tool 265, fourth tool 275, and/or
any subsequent tools move continuously.
[0078] In anexample, oneormoreautomatedmachine
240a of the plurality of automated machines 240 may be
configured to perform at least one manufacturing opera-

tion 245 while being reallocated from one station to
another. In an example, one ormore automatedmachine
240a of the plurality of automated machines 240 may be
configured to perform at least one manufacturing opera-
tion 245 while being reallocated from the first station 220
to the second station 230 such that the automated ma-
chine 240a may deposit composite material 247 on the
first tool 225 while moving to the second station 230 and
pause until reaching the second tool 235 in the second
station 230 before resuming the at least onemanufactur-
ing operation 245. In an example, one or more of the
plurality of automated machines 240 may be configured
to perform at least one manufacturing operation 245
while being reallocated from one zone location 280 to
another. Zone location280maybedefinedbyanyportion
of a workpiece 217 to receive composite material 247.
[0079] FIG. 7 illustrates anexample of a system300. In
an example, a system 300 for distributing a plurality of
automated machines 240 between multiple tools is dis-
closed. In an example, the automated machines 240a
may be automated fiber placement machines configured
to deposit composite material 247. The system 300 may
include a production line 210. Production line 210 may
include a first station 220 and a second station 230. First
station 220 may house a first tool 225. First tool 225 may
beamandrel 227. Themandrel 227may be configured to
hold a first workpiece 229. First workpiece 229 may be a
fuselage section, wing structure, or any other aircraft
structure. First workpiece 229 may be comprised of a
plurality of plies of composite material 247 at various
orientations as determined by one or more numerical
control programs 258. First workpiece 229 may include
one or more zone location 280. At least one automated
machine 240may be temporarily dedicated to each zone
location 280 on first workpiece 229.
[0080] Second station 230 may house a second tool
235. The second tool 235 may be a mandrel 227. The
mandrel 227 may be configured to hold a second work-
piece 239. Second workpiece 239 may be a fuselage
section, wing structure, or any other aircraft structure.
Secondworkpiece 239may be comprised of a plurality of
plies of compositematerial 247 at various orientations as
determined by one or more numerical control programs
258. Second workpiece 239 may include one or more
zone location 280. At least one automated machine 240
may be temporarily dedicated to each zone location 280
on second workpiece 239.
[0081] In an example, the system 300 includes a con-
troller 250. Controller 250 may be configured to compile
statistics 432 for the first station 220 and the second
station 230, and to compare variables 455 of the plurality
of automated machines 240. The statistics 432 may be
comprised of total required time 434, time completed
436, time remaining 438, and zone location 280. Zone
location 280 may be defined by any portion of a work-
piece 217 to receive composite material 247.
[0082] In an example, the system 300 includes a third
station 260 housing a third tool 265. The third tool 265
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may be a mandrel 277. The mandrel 227 may be con-
figured to hold a third workpiece 299. Third workpiece
269 may be a fuselage section, wing structure, or any
other aircraft structure. Third workpiece 269 may be
comprised of a plurality of plies of composite material
247 at various orientations as determined by one ormore
numerical control programs 258. Third workpiece 269
may include one or more zone location 280. At least one
automatedmachine240maybe temporarily dedicated to
each zone location 280 on third workpiece 269.
[0083] Third station 260 may include at least one of a
plurality of automated machines 240. The at least one
automated machine 240a of the plurality of automated
machines 240 may be an automated fiber placement
machine configured to deposit composite material 247
on the third tool 265. Third station 260may include one or
more sensors 290. The one or more sensors 290may be
located on an automated machine 240, third tool 265, or
anywhere throughout the third station 260. In an exam-
ple, the one or more sensors 290 may be in communica-
tion with a controller 250.
[0084] In an example, the system300 includes a fourth
station 270. The fourth station 270 may be configured to
housea fourth tool 275.Fourth tool 275maybeamandrel
227. Themandrel 227may be configured to hold a fourth
workpiece 279. Fourth workpiece 279may be a fuselage
section, wing structure, or any other aircraft structure.
Fourth workpiece 279 may be comprised of a plurality of
plies of compositematerial 247 at various orientations as
determined by one or more numerical control programs
258.Fourthworkpiece279may includeoneormore zone
location 280. At least one automated machine 240 may
be temporarily dedicated to each zone location 280 on
fourth workpiece 279.
[0085] Fourth station 270may include at least one of a
plurality of automated machines 240. The at least one
automated machine 240a of the plurality of automated
machines 240 may be an automated fiber placement
machine configured to deposit composite material 247
on the fourth tool 275. Fourth station270may includeone
or more sensors 290. The one or more sensors 290 may
be located on an automated machine 240,a fourth tool
275, or anywhere throughout the fourth station 270. In an
example, the one or more sensors 290 may be in com-
munication with the controller 250.
[0086] In an example, the controller 250 of system 300
may be configured to compile statistics 432 for the first
station 220, the second station 230, the third station 260,
and the fourth station 270. The controller 250may further
be configured to compare variables 455 of the plurality of
automated machines 240 dispersed throughout the pro-
duction line 210. The statistics 432 may be comprised of
total required time434, timecompleted 436, time remain-
ing438, andzone location280.Zone location280maybe
defined by any portion of a workpiece 217 to receive
composite material 247.
[0087] In an example, the variables 455 include the
number of automatedmachines240 that arededicated to

aspecific station, i.e. first station220, secondstation230,
third station 260, fourth station 270, or any of the plurality
of stations 215. The variables 455 may include the num-
ber of automated machines 240a that are movable be-
tween any of the plurality of stations 215 including first
station 220, second station 230, and third station 260. In
an example, the variables 455 include zone location 280
of each of the plurality of automatedmachines 240. Zone
location 280 may be determined by a numerical control
program 258 or manually by an operator 500. The vari-
ables 455 may include the number of automated ma-
chines 240a that are active and inactive. An automated
machine 240 is considered activewhen it is performing at
least one manufacturing operation 245. Variables 455
may include the percent of workload requirements 254
completed. Workload requirements 254 may be deter-
mined based upon one or more numerical control pro-
gram 258, instructions from an operator 500, data col-
lected fromone ormore sensors 290, data collected from
a laser 520, data collected from a GPS 510, data col-
lected from a barcode 530, or any combination thereof.
[0088] FIG. 8 illustrates a flowchart of an example of a
process 400 for distributing a plurality of automated
machines 240 between a plurality of tools 295. In an
example, the plurality of automated machines 240 are
automated fiber placement machines. The plurality of
tools 295 may include a first tool 225, a second tool
235, a third tool 265 and a fourth tool 275. The process
400may include defining 410 automatedmachines 240a
dedicated to a specific station, i.e. first station 220, sec-
ond station 230, third station 260, fourth station 270, or
any other of a plurality of stations 215. Defining 410 may
be based upon the minimum number of automated ma-
chines240orminimumworkload requirements254. Inan
example, workload requirements 254 may be based
upon several factors including the particular workpieces
217, one or more numerical control programs 258, and
instructions manually entered from an operator 500.
[0089] In an example, the process 400 includes defin-
ing 420 one or more automated machines 240a config-
ured to travel or move between the plurality of stations
215, including first station 220, second station 230, third
station 260, and fourth station 270. The number of auto-
mated machines 240a of the plurality of automated ma-
chines 240 configured to travel between the plurality of
stations 215 may be based upon the number of auto-
mated machines 240a needed to complete the workload
requirements 254, which may be based upon the max-
imum difference in workload requirements 254 between
two or more adjacent stations, i.e. first station 220, sec-
ond station 230, third station 260, and fourth station 270.
In an example, at least one of the plurality of automated
machines 240 may be movable between different zone
locations 280 located on the workpieces 217.
[0090] In an example, the process 400 includes mea-
suring 430 statistics 432, see FIG. 6, of each of the
plurality of stations 215, i.e. first station 220, second
station 230, third station 260, and fourth station 270
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andeach tool, i.e. first tool 225, second tool 235, third tool
265, and fourth tool 275 located in each respective sta-
tion. Measuring 430 statistics 432 may be accomplished
by use of one or more sensors 290, GPS 510, laser 520,
barcode 530, or any other means of collecting data. A
controller 250 may be in communication with the one or
more sensors 290, GPS 510, laser 520, barcode 530, or
anyothermeansof collectingdatasuch that thecontroller
250 is configured to collect and analyze any data col-
lected. Controller 250 may further be configured to de-
termine an efficiency threshold 256 based upon the data
collected. In an example, the measuring 430 statistics
432 includes measuring total required time 434, time
completed 436, time remaining 438, and zone location
280. One or more automated machines 240a of the
plurality of automatedmachines 240maymove between
a zone location 280 and/or the plurality of stations 215 to
balance out the workload requirements 254 thereof.
[0091] In an example, the process 400 includes com-
municating 440 the statistics 432 to the controller 250. In
anexample, communicating440maybedonewirelessly.
In an example, communicating 440 may be done manu-
ally via an operator 500. The statistics 432 may be
comprised of total required time 434, time completed
436, time remaining 438, and zone location 280. Zone
location 280 may be defined by any portion of a work-
piece 217 to receive composite material 247.
[0092] In an example, the process 400 may include
measuring 450 variables 455 from a numerical control
program 258 in each automated machine 240a of the
plurality of automated machines 240. Variables 455 may
include the number of automated machines 240a of the
plurality of automatedmachines240 that arededicated to
aspecific station, i.e. first station220, secondstation230,
third station 260, or any of the plurality of stations 215.
The variables 455may include the number of automated
machines 240a of the plurality of automated machines
240 that are movable between any of the plurality of
stations 215 including first station 220, second station
230, and third station 260.
[0093] In an example, the variables 455 include zone
location 280 of each of the plurality of automated ma-
chines 240. Zone location 280 may be determined by a
numerical control program 258 or manually by an opera-
tor 500. The variables 455 may include the number of
automatedmachines 240 that are active and inactive. An
automated machine 240a is considered active when it is
performing at least one manufacturing operation 245.
Variables 455 may include the percent of workload re-
quirements 254 completed. Workload requirements 254
may be determined based upon one or more numerical
control program 258, instructions from an operator 500,
data collected from one or more sensors 290, data col-
lected from a laser 520, data collected from a GPS 510,
data collected from a barcode 530, or any combination
thereof.
[0094] In an example, the process 400 includes com-
piling data 460 measured of total machine capacity 252

and total workload requirements 254. Based upon the
machine capacity 252 and workload requirements 254,
an efficiency threshold 256 may be determined. The
controller 250may facilitate compiling data 460 including
statistics 432. Statistics 432may includemeasuring total
required time 434, time completed 436, time remaining
438, and zone location 280 when analyzing monitored
machine capacity 252 andworkload requirements 254 to
determine the efficiency threshold 256. A controller 250
may compile data collected related to machine capacity
252 and workload requirements 254, based upon one or
more numerical control programs 258, to initiate move-
ment of oneormoreautomatedmachine240aamong the
plurality of automated machines 240 and balance auto-
mated machine 240a distribution.
[0095] If it is determined that the efficiency threshold
256 has been met, the process 400 may include reallo-
cating 470 one or more automatedmachines 240a of the
plurality of automated machines 240 to a different zone
location 280 or different station along the production line
210 that has unmet workload requirements 254.
[0096] In an example, first station 220 have three auto-
mated machines 240a depositing composite material
247 onto first tool 225 and second station may have
six automatedmachines 240a depositing compositema-
terial onto second tool 235. Each of the automated ma-
chines 240a of the plurality of automated machines 240
may be assigned to a particular zone location 280. Each
zone location 280 may have different shapes and con-
figurations or may be generally the same. If one of the
three automated machines in first station 220 has com-
pleted the workload requirements 254 for its assigned
zone, controller 250 may reallocate that automated ma-
chine 240 to a different zone location 280 in first tool 225.
Alternatively, controller 250 may reallocate that auto-
mated machine 240 to a zone location 280 located on
second tool 235 in second station 230. The decisions of
when to reallocate an automated machine 240a and
where to reallocate that automated machine 240a are
based upon the several determining factors discussed
above including at least one or more of monitored capa-
city 252 and workload requirements 254, measured sta-
tistics 432, variables 455, manual instructions from an
operator 500, and data collected from one ormore global
positioning systems (GPS) 510, sensors 290, lasers 520,
numerical control programs 258, barcode 530, or any
other suitable means of collecting machine capacity 252
andworkload requirements 254 data for determining 120
an efficiency threshold 256 of optimal allocation of the
plurality of automated machines 240.
[0097] In an example, an overall objective of collecting
and compiling the data described above is to achieve
efficiency throughout the production line 210 such that
workpieces 217 may continuously move along the pro-
duction line 210 and between the plurality of stations 215
while the plurality of automated machines 240 continu-
ously conduct at least one manufacturing operation 245.
Preferably, each automated machine 240a within the
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manufacturing system 200, system 300, method 100,
and process 400 described above has little to no down
time and is reallocated accordingly throughout the plur-
ality of stations 215 along the production line 210 to
efficiently manufacture each workpiece 217.
[0098] Examples of the disclosuremay be described in
the context of an aircraft manufacturing and service
method 1100, as shown in FIG. 9, and an aircraft 1102,
as shown in FIG. 10. During pre-production, the aircraft
manufacturing and service method 1100 may include
specification and design 1104 of the aircraft 1102 and
material procurement 1106. During production, compo-
nent/subassembly manufacturing 1108 and system inte-
gration 1110 of the aircraft 1102 takes place. Thereafter,
theaircraft 1102maygo throughcertificationanddelivery
1112 inorder tobeplaced in service1114.While in service
by a customer, the aircraft 1102 is scheduled for routine
maintenance and service 1116, which may also include
modification, reconfiguration, refurbishment and the like.
[0099] Each of the steps of method 1100 may be per-
formed or carried out by a system integrator, a third party,
and/or an operator 500 (e.g., a customer). For the pur-
posesof this description, a system integratormay include
without limitation any number of aircraft manufacturers
and major-system subcontractors; a third party may in-
clude without limitation any number of venders, subcon-
tractors, and suppliers; and an operator 500 may be an
airline, leasing company, military entity, service organi-
zation, and so on.
[0100] As shown in FIG. 10, the aircraft 1102 produced
by example method 1100 may include an airframe 1118
with a plurality of systems 1120 and an interior 1122.
Examples of the plurality of systems 1120 may include
one or more of a propulsion system 1124, an electrical
system 1126, a hydraulic system 1128, and an environ-
mental system 1130. Any number of other systems may
be included.
[0101] The disclosed methods and systems may be
employed during any one or more of the stages of the
aircraft manufacturing and service method 1100. As one
example, components or subassemblies corresponding
tocomponent/subassemblymanufacturing1108, system
integration 1110 and/or maintenance and service 1116
may be assembled using the disclosed methods and
systems. As another example, the airframe 1118 may
be constructed using the disclosed methods and sys-
tems. Also, one or more apparatus examples, method
examples, or a combination thereof may be utilized dur-
ing component/subassemblymanufacturing 1108 and/or
system integration 1110, for example, by substantially
expediting assembly of or reducing the cost of an aircraft
1102, such as the airframe 1118 and/or the interior 1122.
Similarly, one or more of system examples, method ex-
amples, or a combination thereof may be utilized while
the aircraft 1102 is in service, for example and without
limitation, to maintenance and service 1116.
[0102] Aspects of disclosed examples may be imple-
mented in software, hardware, firmware, or a combina-

tion thereof. The various elements of the system, either
individually or in combination, may be implemented as a
computer program product tangibly embodied in a ma-
chine-readable storage device for execution by a pro-
cessor. Various steps of examples may be performed by
a computer processor executing a program tangibly em-
bodied on a computer-readablemedium to perform func-
tions by operating on input and generating output. The
computer-readable medium may be, for example, a
memory, a transportablemediumsuch as a compact disk
oraflashdrive, such thatacomputer programembodying
aspects of the disclosed examples can be loaded onto a
computer.
[0103] The above-described methods and systems
are described in the context of an aircraft. However,
one of ordinary skill in the art will readily recognize that
the disclosed methods and systems are suitable for a
variety of applications, and the present disclosure is not
limited to aircraft manufacturing applications. For exam-
ple, the disclosed methods and systems may be imple-
mented in various types of vehicles including, for exam-
ple, helicopters, passenger ships, automobiles, marine
products (boat, motors, etc.) and the like. Non-vehicle
applications are also contemplated.
[0104] Also, although the above-description describes
methods and systems that may be used to manufacture
anaircraft or aircraft component in the aviation industry in
accordance with various regulations (e.g., commercial,
military, etc.), it is contemplated that the disclosed meth-
ods and systems may be implemented to facilitate man-
ufacturing of a part in any industry in accordance with the
applicable industry standards. The specificmethods and
systems can be selected and tailored depending upon
the particular application.
[0105] The described features, advantages, and char-
acteristics of one example may be combined in any
suitable manner in one or more other examples. One
skilled in the relevant art will recognize that the examples
describedhereinmaybepracticedwithout oneormoreof
the specific features or advantages of a particular exam-
ple. In other instances, additional features and advan-
tages may be recognized in certain examples that may
not be present in all examples.
[0106] Also provided herein are the following clauses,
which relate to:

1. A method (100) for employing a plurality of auto-
matedmachines (240) to deposit compositematerial
(247) onto a first tool (225) located in a first station
(220) and a second tool (235) located in a second
station (230), the first station (220) and the second
station (230) beingonaproduction line (210),where-
in at least one automated machine (240a) of the
plurality of automated machines (240) is movable
between the secondstation (230) and the first station
(220), the method (100) comprising:

monitoring (110) machine capacity (252) and
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workload requirements (254) of the plurality of
automated machines (240);
determining (120) an efficiency threshold (256)
based upon the machine capacity (252) and
workload requirements (254); and
reallocating (130) at least one automated ma-
chine (240a) of the plurality of automated ma-
chines (240) once the efficiency threshold (256)
is met.

2. The method (100) of Clause 1 wherein the first
station (220) comprises at least one automated ma-
chine (240a) of the plurality of automated machines
(240) and the second station (230) comprises at
least two automatedmachines (240a) of the plurality
of automated machines (240), comprising:
reallocating (130) at least one of the automated
machines (240a) from the second station (230) to
the first station (220) once the efficiency threshold
(256) is met.

3. The method (100) according to Clause 1 or 2
wherein the first tool (225) and the second tool
(235)move in pulses along the production line (210).

4. Themethod (100) according to anyoneofClauses
1 to 3 comprising a third station (260) having a third
tool (265).

5. Themethod (100) according to anyoneofClauses
1 to 4wherein the plurality ofmachines (240) deposit
compositematerial (247)while thefirst tool (225)and
the second tool (235)move along the production line
(210).

6. Themethod (100) according to anyoneofClauses
1 to 5 comprising implementing (140) a numerical
control program (258) configured to monitor and
allocate the plurality of automated machines (240)
across the first station (220) and the second station
(230).

7. A manufacturing system (200) comprising:

a production line (210);
a first station (220) locatedon theproduction line
(210);
a first tool (225) located in the first station (220);
a second station (230) located on the production
line (210);
a second tool (235) located in the second station
(230);
a plurality of automated machines (240) distrib-
uted between the first station (220) and the
second station (230), at least one of the plurality
of automated machines (240) being movable
between the first station (220) and the second
station (230); and

a controller (250) configured tomonitormachine
capacity (252) andworkload requirements (254)
of the plurality of machines (240), wherein the
controller (250) is configured to reallocate oneor
more of the plurality of automated machines
(240) between the first station (220) and the
second station (230).

8. The manufacturing system (200) of Clause 7
wherein the plurality of automated machines (240)
are automated fiber placement machines.

9. The manufacturing system (200) according to
Clause7or 8wherein the controller (250) reallocates
one or more of the plurality of machines (240) based
upon monitored capacity (252) and workload re-
quirements (254).

10. The manufacturing system (200) according to
any one ofClauses 7 to 9wherein the production line
(210) comprises a rail (219).

11. The manufacturing system (200) according to
any one of Clauses 7 to 10 comprising a third tool
(265) in a third station (260) located on the produc-
tion line (210).

12. The manufacturing system (200) according to
any one of Clauses 7 to 11 wherein the controller
(250) reallocates the automated machines (240)
based upon a numerical control program (255).

13. The manufacturing system (200) according to
any oneofClauses 7 to 12wherein the first tool (225)
and the second tool (235) move in pulses along the
production line (210).

14. A system (300) for fabrication using multiple
stations, the system (300) comprising:

a production line (210) comprising a first station
(220) comprising a first tool (225) and a second
station (230) comprising a second tool (235);
a plurality of automated machines (240) distrib-
uted between the first station (220) and the
second station (23); and
a controller (250) configured to determine a
location of the plurality of automated machines
(240) based upon compiled statistics (432) for
the first station (220) and the second station
(230), and further configured to compare vari-
ables (455) of the plurality of automated ma-
chine (240).

15. The system (300) of Clause 14 wherein the
compiledstatistics (432) comprise total required time
(434), time completed (436), time remaining (438),
and zone location (280).
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16. The system (300) according to Clause 14 or 15
wherein the variables (455) comprise:

number of automated machines (240) that are
dedicated to a specific station (220, 230, 260);
number of automatedmachines (240) thatmove
between stations (220, 230, 260);
zone location (280) of each automatedmachine
(240);
number of automated machines (240) that are
active and inactive; and
percent of workload requirements (254) com-
pleted.

17. The system (300) according to any one of
Clauses 14 to 16 wherein the automated machines
(240) are automated fiber placement machines.

18. A process (400) for distributing automated ma-
chines (240) between a plurality of tools (225, 235,
265, 295), the process (400) comprising:

defining (410) automated machines (240) dedi-
cated to a specific station (220, 230, 260), based
on a minimum number of automated machines
(240) or workload requirements (254);
defining (420) automated machines (240a)
among a plurality of automated machines
(240) configured to travel between stations
(220, 230, 260) to complete the workload re-
quirements (254) based on a maximum differ-
ence in workload requirements (254) between
two or more adjacent stations (220, 230, 260);
measuring (430) statistics (432) of each station
(220, 230, 260) and tool (225, 235, 265;
communicating (440) the statistics (432) to a
controller (250);
measuring (450) variables (455) from a numer-
ical control program (258) in each automated
machine (240);
compiling data (460) measured of a total ma-
chine capacity (252) and total workload require-
ments (254)acrosseachstation (220,230, 260);
and
reallocating (470) automated machines (240a)
toareas thathaveunmetworkload requirements
(254).

19. The process (400) of Clause 18 wherein the
automated machines (240) are automated fiber pla-
cement machines.

20. The process (400) according to Clause 18 or 19
wherein the measuring (430) the statistics (432)
comprise measuring total required time (434), time
completed (436), time remaining (438), and zone
location (280).

21. The process (400) according to any one of
clauses 18 to 20 wherein the measuring (450) the
variables (455) comprises measuring:

number of automated machines (240) that are
dedicated to a specific station (220, 230, 260);
number of automatedmachines (240) thatmove
between stations (220, 230, 260);
zone location (280) of each automatedmachine
(240);
number of automated machines (240) that are
active and inactive; and
percent of workload requirements (254) com-
pleted.

22. Amethod of automatedmachine allocation (100)
comprising:

monitoring (110) machine capacity (252) and
workload requirements (254) of a plurality of
automated machines (240) located throughout
at least one of a plurality of stations (215) and
one or more zone locations (280) ;
determining (120) an efficiency threshold (256)
based upon the machine capacity (252) and
workload requirements (254)of eachautomated
machine (240a) of the plurality of automated
machines (240); and
reallocating (130) at least one automated ma-
chine (240a) of the plurality of automated ma-
chines (240) once the efficiency threshold (256)
is met.

[0107] Furthermore, although various examples of the
manufacturing system, the process, and the method
have been shown and described, modifications may
occur to those skilled in the art upon reading the speci-
fication. The present application includes such modifica-
tions and is limited only by the scope of the invention as
defined by the appended claims.

Claims

1. Aprocess (400) for distributing automatedmachines
(240)betweenaplurality of tools (225,235, 265,295)
located in a plurality of respective stations (220, 230,
260) on a production line (210) for the continuous
flow manufacturing of large workpieces (217), such
as spars, fuselage sections, wing structures, and
other aircraft structures, and/or composite parts by
identifying and accurately locating non-fixed-base
tooling throughout the continuous manufacturing
process, the process (400) comprising:

defining (410) automated machines (240) dedi-
cated to a specific station (220, 230, 260), based
on a minimum number of automated machines
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(240) or workload requirements (254);
defining (420) automated machines (240a)
among a plurality of automated machines
(240) configured to travel between stations
(220, 230, 260)whileworkpieces (217) aremov-
ing from one station (220, 230) to another (220,
230) in a single sequential flow along the pro-
duction line (210) to complete the workload re-
quirements (254) based on a maximum differ-
ence in workload requirements (254) between
two or more adjacent stations (220, 230, 260);
assigning each of the said automatedmachines
(240a) to a particular zone location (280) on a
workpiece (217);
measuring (430) statistics (432) of each station
(220, 230, 260) and tool (225, 235, 265), includ-
ing measuring total required time (434), time
completed (436), time remaining (438), and
zone location (280);
communicating (440) the statistics (432) to a
controller (250);
measuring (450) variables (455) from a numer-
ical control program (258) in each automated
machine (240);
compiling data (460) measured of a total ma-
chine capacity (252) and total workload require-
ments (254)acrosseachstation (220,230, 260);
and
reallocating (470) andmoving oneormore auto-
mated machines (240a) of the plurality of auto-
mated machines (240) to a new zone location
(280) on the same workpiece (217) or on a
different workpiece (217) located in a different
station (220, 230) that has unmet workload re-
quirements (254) once an efficiency threshold
(256) is met, to balance out the workload re-
quirements (254) of the plurality of automated
machines (240).

2. The process (400) of Claim 1wherein the automated
machines (240) are automated fiber placement ma-
chines.

3. The process (400) according to any one of Claims 1
and 2 wherein workload requirements (254) are
based upon several factors including the particular
workpieces (217), one or more numerical control
programs (258), and instructions manually entered
from an operator (500).

4. The process (400) according to any one of the pre-
ceding Claims wherein the plurality of stations (215)
include a first station (220), a second station (230), a
third station (260), and optionally and fourth station
(270).

5. The process (400) according to any one of the pre-
ceding Claims wherein the number of automated

machines (240a) of the plurality of automated ma-
chines (240) configured to travel between the plur-
ality of stations (215) is based upon the number of
automatedmachines (240a) needed to complete the
workload requirements (254), which may be based
upon the maximum difference in workload require-
ments (254) between two or more adjacent stations.

6. The process (400) according to any one of the pre-
ceding Claims wherein measuring (430) statistics
(432) is accomplished by use of one ormore sensors
(290), GPS (510), laser (520), barcode (530), or any
other means of collecting data.

7. The process (400) according to Claim 6 wherein the
controller (250) is in communication with the one or
more sensors (290), GPS (510), laser (520), or bar-
code (530), or any other means of collecting data
such that the controller (250) is configured to collect
and analyze any data collected.

8. The process (400) according to any one of the pre-
ceding Claims wherein communicating (440) the
statistics (432) to a controller (250) is done wire-
lessly, and/or is donemanually via anoperator (500).

9. The process (400) according to any one of the pre-
cedingClaimswherein themeasuring (450) the vari-
ables (455) comprises measuring:

the number of automated machines (240) that
are dedicated to a specific station (220, 230,
260);
the number of automated machines (240) that
move between stations (220, 230, 260);
the zone location (280) of each automated ma-
chine (240);
the number of automated machines (240) that
are active and inactive; and/or
the percent of workload requirements (254)
completed.

10. The process (400) according to Claim 9 wherein
workload requirements (254) are determined based
upon one or more numerical control program (258),
instructions from an operator (500), data collected
from one or more sensors (290), data collected from
a laser (520), data collected from a GPS (510), data
collected from a barcode (530), or any combination
thereof.

11. The process (400) according to any one of the pre-
ceding Claims wherein controller (250) determines
the efficiency threshold (256) based upon the data
collected.

12. The process (400) according to any one of the pre-
ceding Claims wherein the controller (250) utilizes
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one or more global positioning systems (510), sen-
sors (290), lasers (520), numerical control programs
(258), or barcode (530) for determining (120) the
efficiency threshold (256) of optimal allocation of
the plurality of automated machines (240).

13. The process (400) according to any one of the pre-
cedingClaimswherein, once theefficiency threshold
(256) is satisfied, the controller (250) transmits a
command (255) to initiate reallocating (470) the
one or more automated machines (240a).

14. The process (400) according to any one of the pre-
ceding Claims, further comprising performing at
least one manufacturing operation (245).

15. Theprocess (400) according toClaim14wherein the
manufacturing operation (245) includes laying down
a plurality of composite plies of composite material
(247) at various orientations as determinedbyoneor
more numerical control programs (258).
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